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Project Objectives

* Developing microarrays-based genomic
technologies for microbial detection.

* Use of the developed genomic technologies
for assessing microbial community
structure and dynamics related to
bioremediation.




community genomics

* Challenges:
— Specificity: Environmental sequence divergences.
— Sensitivity: Low biomass.
— Quantification:

— Existence of contaminants: Humic materials, organic
contaminants, metals and radionuclides.

e Solutions

— Developing different types of microarrays and novel chemistry to
address different levels of specificity.

— Developing novel signal amplification strategy to increase
sensitivity

— Optimizing microarray protocols for reliable quantification.




Summary of SOmer-based FGAs

for environmental studies

Oligonucleotide probe size: 50 bp

Tiquia et al. 2004. BioTechniques 36, 664-675
Rhee et al. 2004, AEM 70:4303-4317

Nitrogen cycling: 302

Sulfate reduction: 204

Carbon cycling: 566

Phosphorus utilization: 79

Organic contaminant degradation: 770

Metal resistance and oxidation: 85




e 5 nirS genes were mixed
together

* Only corresponding
genes were hybridized

* 6 types of genes were
mixed together

* Only corresponding

genes were hybridized




Sensitivity

Genomic DNA

| 500 ng gDNA 25 ng 1.6x10° 1.3%x107 3 9x106

Detection limit
* 50 ng pure DNA 1n the presence of non-

target templates
* 107 cells




Quantification and validation
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* Microarray result 1s
consistent with real-

time PCR



Novel amplification approach for
increasing hybridization sensitivity
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As low as 10fg (2 cells)
can be detected

Submitted to PNAS

Amplification 1s quantitative

for majority of the genes



NABIR Field
Research Center

H i i Nickel TOC -
b Sampms S-3 Ponds

Area 3

FW-300* 6.1 1.200 0.005 30 Cap

FW-003 6.0 1060 0.01 0.015 100

FW-005 3.9 175.0 6.40 5.00 70 ® C Ontaminant
FW-010 3.5 42000 0.17 18.0 175 o @O source

FW-015 34 8300 7.70 8.80 65
4 TPB-16 6.3 30.00 1.10 ND 65

* 2 L groundwater
° Genes analyzed _

— 16S rRNA, nirS, nirK, dsrAB, amoA

6 samples were taken to assess the effects of contaminants on microbial
community structure




Groundwater samples with
very low biomass

» 2L groundwater from
six different sites.
Cell counts:
DNA was 1solated,
of the DNA was
manipulated and used
for hybridization.
 Nice hybridization was
obtained with the DNA
manipulated with the
new method.
No hybridization were
obtained 1f the DNA 1s
not manipulated.




Difference of functional genes in samples
from NABIR Field Research Center
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Overall diversity among different samples

FW300 61(20%) 189(36%) 174(35%) 80(21%) 111(23%)

FW003 PRGBRAN  144(35%) | 61(17%) |  84(20%)
FW021 IVEEAN 64(20%) | 90(24%)
FWO010 AR 118(37%)

FW024 RIQLYZY)
Total Genes Detected 302 219 192 130 190
Genetic diversity, Simpson’s

(1/D)? 125% 67.1 26.6 17.4 50

» The proportion of overlapping genes between samples was consistent with the
contaminant level and geochemistry.

» A significant portion (5-20%) of all detected genes were unique to each sample,
even though they are very close. Thus, important microbial populations appear to
be highly heterogeneous in this groundwater system.




Comm()ligo === New oligo probe

design program for community analysis

Number and specificity of designed probes (50-mer) by different programs

Whole -geno me sequences of M. maripaludis Group sequences of nirS and nir K
(1766 ORFs) (842 gene sequences )

Prograrng used Total ORFs Probes Spedfic | Non- Group - | Tota ORFs Probes Spedfic | Non- Group -

ORFs rejected designed probe specific spedfic | ORFs rejected designed probe specific specific
AmayOligoSe ector | 1766 f/ 1759 | 1415 344 0 842 0 842 117 725 0
OligoArray 1766 68 1698 1654 44 0 842 35 807 70 737 0
OligoArray 2.0 1766 68 1698 1464 234 0 842 51 791 35 756 0
OligoPicker 1766 18 1748 1745 3 0 842 657 185 141 44 0
ComnOligo 1766 9 1757 | 1745 0 12 842 512 330 147 0 183




Probes Designed for a Second
Generation FGA

* Nitrogen cycling: 5089

e Carbon cycling: 9198

* Sulfate reduction: 1006

* Phosphorus utilization: 438

* Organic contaminant degradation: 5359
* Metal resistance and oxidation: 2303

Total: 23,408 genes
23,000 probes designed

* Will be very useful for community and ecological
studies



Biostimulation of microbial populations f(:}' Ur removal

I

(3) Inject
treated
water into

Ethanol addltlon outer well

Above ground treatment
4

Source water

026 100.101.102 104
Multi-level wells
* Above ground denitrification and neutralization of groundwater

* in situ biostimulation with ethanol and reduction of U(VI)



Treatments and sampling

* Ethanol was injected nearly weekly from
about Day 137.

* Groundwater was sampled (1-5L) nearly
weekly for microarray analysis.

e (Geochemical data were measured almost
daily.




Overall community similarity

" ot + Tnitially, 026 & 102-3

wells: % / were similar but distinct
from 101-2 although they
are only a few meters

away ( ),
indicating heterogeneity

P

Groundwater flow
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0.0 0.2 0.4 0.6 0.8 1.0 significantly altered
PC1 (80%)




Nitrite Reduction Genes
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Total N reduction gene signals correlated with nitrate
levels.

* Additional samples after 354 d are being analyzed to see
if the trend continued




Nitrite Reductase Genes
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Total nirS and nirK signals correlated with nitrate levels.

nirK genes were dominant but nir$ increased in 354 d sample.
Total numbers of nirS and nirK genes detected had same trends.
Bacteria containing nirK genes respond to biostimulation more



Sulfite reduction Genes
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Total S reduction gene signals correlated with sulfate levels.

* Total numbers of S reduction genes detected had same trends.
* Several FRC dsrA/B clones were detected.




# N & S Reduction and Cytochrome Genes
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- N and S reduction and cytochrome C genes followed

trends 1n U(VI) levels.




Cytochrome Genes
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* Both Geobacter- and Desulfovibrio-like species were detected.
* Geobacter sp.- like cytochrome C genes followed trends in U(VI)

levels.
* Most prominent during initial denitrification phase.




Cytochrome Genes

* Most detected cytochrome genes were similar
to Geobacter-like bacteria

* Desulfovibrio-like bacteria were also detected.

* But the result could be biased because many
more genes from Geobacter were used as probes

23475586 - D. desulfuricans G20 - cytochrome ¢

39995331 - G. sulfurreducens PCA - cytochrome ¢
39997610 - G. sulfurreducens PCA - cytochrome ¢
39997527 - G. sulfurreducens PCA - cytochrome ¢
39933283 - R. palustris CGA009 - putative cytochrome ¢
39934990 - R. palustris CGA009 - CycK cytochrome c-type
18073935 - D. desulfuricans - cytochrome c nitrite reductase
38490201 - M. tuberculosis H37Rv - CYTOCHROME C-TYPE
39934988 - R. palustris CGA009 - cytochrome c-type
39997301 - G. sulfurreducens PCA - cytochrome ¢
39998304 - G. sulfurreducens PCA - cytochrome ¢
39996839 - G. sulfurreducens PCA - cytochrome ¢
39997596 - G. sulfurreducens PCA - cytochrome ¢
39998021 - G. sulfurreducens PCA - cytochrome ¢
39998405 - G. sulfurreducens PCA - cytochrome ¢
39997978 - G. sulfurreducens PCA - cytochrome ¢
39933281 - R. palustris CGA009 - putative heme exporter
39995811 - G. sulfurreducens PCA - cytochrome ¢
39998004 - G. sulfurreducens PCA - cytochrome ¢
39997975 - G. sulfurreducens PCA - cytochrome ¢




Whole community sequencing
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20 species based on 16S rRNA




Current status of sequencing

* Collected 2,000 L groundwater

* Took about 6 months to optimize the protocols.
* 300 ug DNA was isolated.

* Sent DNA twice to JGI for library construction.

* Libraries
— 40 kb fosmid library
— 8 kb library
— 3 kb library

* Very good 40kb library was obtained at the first but
not 8 and 3 kb library.

* Sequencing is in process




Conclusions

* Development

— Very comprehensive oligonucleotide arrays for environmental
studies were developed. This is the most comprehensive arrays
available today.

— The arrays are specific and quantitative.

— Novel approach for increasing sensitivity is developed. This made
it possible to use microarrays for analyzing environmental
samples.

— New computer program was developed for probe designing.

* Applications
— Microbial populations are highly heterogeneous in NABIR FRC.

— Contaminants have significant effects on microbial community
structure and dynamics.

— Microbial populations at the FRC sites can be stimulated for
removing uranium.

— Geobacter and Desulfovibrio-like species could be responsible for
uranium reduction after stimulation.
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